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associated with VSD and PS, including complex TGA with
VSD and PS and DORV with malposition of great arteries
and PS. This technique can also be applied for patients
who have contraindications for the Rastelli procedure be-
cause of unfavorable intracardiac anatomy, such as small
right ventricle, inlet VSD, straddling tricuspid valve, or
anomalous coronary anatomy. The modified REV technique
is a good alternative treatment for patients with DORV, PS,
and subaortic VSD. The Rastelli operation is better used
for adult patients or large children with DORV, PS, subaortic
VSD, and a large right ventricular cavity. In our institution,
the modified REV technique is gaining in prevalence,
whereas the Rastelli procedure is only used for patients
with pulmonary atresia.
We suggest the modified Nikaidoh procedure for patients
with anatomic contraindications to the Rastelli procedure,
such as small right ventricle or remote VSD. For those with
a large subpulmonary defect (absent conal septum), it is not
feasible to resect both aortic and pulmonary roots, because
the aortic and pulmonary annuli join together closely; in
such cases, the modified REV procedure is a better alterna-
tive. Because it is an aggressive and delicate procedure, the
optimal timing of double root translocation procedure is 6
months to 1 year of age. In contrast, the modified REV pro-
cedure is less aggressive and can be used in small infants.
Conclusions
Double root translocation is a feasible and better surgical
option for the management of patients with TGA, VSD, and
PS. The modified REV technique is a better alternative for
patients with DORV, PS, and subaortic VSD. The superior
long-term benefits of our double root translocation and mod-
ified REV techniques need to be demonstrated with a larger
number of patients and longer follow-up.
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Discussion
Dr Marshall L. Jacobs (Philadelphia, Pa). I thank the Association
for the privilege of discussing this unique presentation by the surgi-
cal team from the Fu Wai Hospital in Beijing. My compliments on
this fine presentation demonstrating the feasibility of a new and
technically challenging approach to the repair of hearts with ventri-
culoarterial discordance and subpulmonary obstruction, the double
root translocation procedure.
This new operation combines features of the aortic translocation
procedure, which was introduced by Nikaidoh, the REV procedure,
which was introduced by Lecompte, and pulmonary root transloca-
tion, which as best I can tell was first done in Sao Paolo in 1994 by
da Silva but has been advocated by many people.
To give you an idea of the staggering degree of clinical activity
and productivity at this center, if you looked carefully, you would
notice that more than half of this series of patients have undergone
operations since the time of abstract submission and that the number
of these double root translocations has gone from 11 to 20 in less
than a year. I think that’s positively amazing.
Of the 20 patients who have undergone double root transloca-
tion, all survived the operation, although, as we were told, 2 required
ECMO support to achieve recovery. In 5 of the 20 patients, the
coronary arteries were excised, mobilized, and reimplanted in the
translocated aortic root.
The RVOT reconstruction both in the 20 double root transloca-
tion cases and in the 14 modified REV cases included mobilization
of the stenotic or hypoplastic pulmonary valve and implantation of
this valve on the RVOT together with patch augmentation with
a monocusp-bearing patch of bovine jugular vein.
I have three questions. First, in previously published reports of
aortic translocation procedures by other authors, a common concern
has been the development of aortic valve insufficiency. In a recently
published update of Nikaidoh’s series, half of the patients at inter-
mediate term follow-up had mild aortic insufficiency. In the 2005
report by Morell, 3 patients had at least moderate aortic valve
insufficiency, and 1 eventually required aortic valve replacement.
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In the 2007 report by del Nido, 1 patient had moderate aortic insuf-
ficiency at the time of the operation, but this did not progress during
5 years of follow-up.
The follow-up in your series for the first 11 patients is only 28
months; and nearly half the cases, as we saw, were done in the
past year. Yet you concluded that the long-term competence of
the aortic valve is a major advantage of this technique. This opti-
mism, of course, is shared by those who have used the pulmonary
autograft in the aortic position for other lesions, but obviously there
is concern over time as to whether this optimism is justified.
Are there specific technical innovations are associated with your
method of aortic root transfer that make you feel confident that the
aortic valve will be durable after translocation?
Dr Hu. That is an important issue. We only have early follow-up
results. In our series, there has been only 1 patient with mild aortic
competence. Technically, there are three issues we should notice.
First, we reserve more muscles of the aortic root to support the aortic
annulus and hold the stitches. Second, before we translocate the aor-
tic root, we define three points where the three aortic commissures
should be located, making sure that there is no tension on the coro-
nary arteries. Another important issue is that we use interrupted
stitches to ensure that the aortic root is translocated in a natural
geometry. I think this is an important technical tip.
I agree, we need a long-term follow-up study to demonstrate how
well these procedures work in the long run.
Dr Jacobs.My second question pertains to the issue of coronary
transfer. The guideline that you presented in your presentation is that
when the great arteries share an anteroposterior relationship, coro-
nary transfer is not necessary; when they are side by side, coronary
transfer is necessary. Did coronary ischemia factor into the 2 cases
of required ECMO support, or were revisions of coronary implanta-
tions or a secondary change of strategy to coronary excision and
implantation required in any of the cases? Did any of the patients
have important ventricular arrhythmias after the operation, as in
some earlier series of aortic translocation?
Dr Hu. In our group, we did not find any patients with myocar-
dial ischemia. There were 2 patients who required ECMO support.
In 1 case, the right ventricle was not well developed. The other pa-
tient with ECMO had an extremely large VSD. I believe left ventric-
ular function was influenced by the large VSD patch.
Dr Jacobs. My final question pertains to your innovation for
RVOT obstruction. The long-term function depends not only on
the durability of the bovine monocusp but on the fate of the native
pulmonary valve leaflets. These are often stenotic, and often even
dysplastic. Your early postoperative data reveal mild or moderate
pulmonary insufficiency in 9 of the 11 patients undergoing double
root translocation and in all 5 of those undergoing theREVprocedure.
Does this justify the potential problems associated with excision
of the pulmonary root, which in this already complex operation I
think potentially puts the left coronary or the mitral anterior leaflet
at risk of injury? If there are going to be problems with the durability
of the native pulmonary valve leaflets or the monocusp, then perhaps
this elegant pulmonary translocation adds risk but not functional
durability to the procedure.
That was my final question. I enjoyed your presentation tremen-
dously and I congratulate you and your associates on this unprece-
dented technical success.
DrHu.Thank you. I am aiming to preserve the pulmonary valve,
to improve the pulmonary competence, and, most importantly, to
preserve the growth potential of the native pulmonary annulus. In
our group, we found that in more than 90% of the cases we can pre-
serve at least one or two pulmonary leaflets. And we are using
a monovalved bovine jugular vein patch to reconstruct the RVOT
and pulmonary artery and have acquired at least better early results.
Yet I think it is necessary to do follow-up studies, which is the only
way to show what will happen down the road.
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